This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. Abstract Background: Acting on many mRNAs allows the power of a single miRNA to modulate multiple pathophysiological phenotypes. One question is whether versatile miRNAs exist in the pathological scenarios of myocardial infarction (MI) and heart failure (HF). Methods: A hypergeometric analysis, in combination with network-based functional analyses, was performed on the available human protein interaction and miRNA-gene association data to highlight versatile miRNAs among the significantly dysregulated miRNAs in MI and HF. In vivo, mice models of MI and HF were then established to investigate whether dysregulated expression be undertaken by versatile miRNA identified here. Results: Systematic analyses really identified the previously validated miRNAs that have been verified of multiple important roles in MI and HF, demonstrating method effectiveness. By using this means, we innovatively revealed the vital role of miR-7 in maintaining the dynamic balance of protein interactions and its obvious overexpression in MI and HF that implies pathological involvement. Functional experiments are definitely needed for further revealing its potential influences on MI-or HFled myocardial injury. Conclusion: Our results have implications not only for the coming miRNA-based strategy in treating MI and HF but also for further understanding on gene regulation by miRNAs in human heart.
Introduction
MiroRNAs (miRNAs) play a central role in regulating some key protein-coding genes related to nearly all pathophysiological processes of human diseases [1] . With the important functions of miRNAs in cardiovascular disease continuously brought to light, the clinical applications of miRNAs have been prospectively and broadly attentioned [2] [3] [4] [5] [6] [7] . Some studies ′protein-protein interaction′selected. BisoGenet is a Cytoscape plugin that was designed for building biological networks through integrating data from different sources. GPIN was then processed by another plugin NetAtlas to identify cardiac-expressing genes encoding proteins in the network by filtering highthroughput tissue gene expression data in humans [20] . As the filter option ′Mean′ was set, the gene expression data of human heart was chosen to create a sub-network. By combining with the NetAtlas array genes experimentally validated to be expressed in heart [21] , the genes encoding proteins in the subnetwork were imported into BisoGenet again to create cardiac-specific protein interaction network (CPIN). Finally, the gene expression data of cardiac tissue was imported into CPIN as node attribute called ′Gene abundance′.
Static topological parameter calculation
To assess the regulatory capacity of each miRNA significantly dysregulated in HF and MI [13] [14] [15] , the Cytoscape plugin NetworkAnalyzer [22] was firstly used to analyze the topological feature of its literaturereported [23] and predicted target genes [24] [25] [26] [27] in three independent target gene sets (miRSel+MicroCosm, miRSel+PicTar, and miRSel+TargetScanHuman). NetworkAnalyzer is a built-in plugin for calculating network topological parameters in Cytoscape. Notably, if 2 gene sets of a miRNA were comprised of less than 100 genes, the miRNA would be discarded from our analysis. Two irrelevant topological parameters degree and neighborhood connectivity were selected to calculate the integrated parameter static score as defined in our previous study [28] , which is used to evaluate the regulatory capacity of each miRNA. For each miRNA, static score was defined as the sum of the normalized mean degree and neighborhood connectivity values of its target genes subtracted by 3.3. We calculated three static scores for a miRNAs based upon different target gene sets in CPIN. The mean static score was then used to describe the overall topological status of proteins encoded by its target genes. Because CPIN was a truncated network from GPIN, we also repeated the static score calculation in GPIN for these miRNAs. Especially, we applied another target gene set (miRSel+miRecords). As prediction results are often vacant in miRecords for some integrated prediction programs, we only used 6 prediction programs (miRanda, MirTarget2, PicTar, PITA, RNAhybrid and TargetScan/TargertScanS) and defined that confidently trusted miRNA-gene interactions must be jointly predicted by at least 4 prediction programs [25] . Because highly connected proteins will definitely play more important roles in cellular functions than other proteins [29] , we applied the classification scheme used by Camargo A and Azuaje F [30] . All nodes in GPIN were categorized into 4 categories [suerper-hub (degree ≥ 100), hub (100 > degree ≥ 20), Peripheral-A (20 > degree ≥ 2) and Peripheral-B(degree = 1)].
Hypergeometric test
We evaluate the significance of the dysregulated miRNAs targeting super-hub and hub encoding genes by using hypergeometric test. The hypergeometric probabilities was calculated as follows: Fig. 1 . Illustration of the multiple network analyses upon miRNAs. A. Schematic diagram of static score calculation. B. Result of enriched biological process identification with miR-1 as an example. The significantly down-regulated genes in ischemic cardiomyopathy were responsible for the 10 significantly over-presented biological processes. C. Result of miRNA-disease association analysis with miR-21 as an example (gene set, miRSel+TargetScanHuman).
Xu et al.: Revealing Versatile MicroRNAs in Heart
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Where N is the total number of genes in the GPIN, M is the total number of super-hub and hub encoding genes in the GPIN, n is the number of all of the target genes of a miRNA, m is the number of super-hub and hub encoding genes targeted by the given miRNA. For comparing the significant tendency of these miRNAs in the whole genome, all miRecords predicted human miRNAs will undergo this assessment. Similarly, the miRNAs possessing less than 100 target genes encoding proteins in GPIN would be discarded from our analysis. To verify the result of hypergeometric probabilities in GPIN, we calculated the mean super-hub and hub count using the above mentioned three independent target gene sets for each dysregulated miRNA in CPIN. By targeting more super-hub and hub encoding genes, a miRNA is believed able to produce more vigorous phenotypic changes if it carries out significantly altered expression.
Dynamic perturbation simulation
To evaluate the regulatory efficiency of a miRNA against network robustness [31] , dynamic score was then calculated as described in our previously study [28] . Firstly, the Cytoscape plugin PertubationAnalyzer was introduced to perform perturbation simulation with its target genes as perturbation sources and gene expression data as concentration values in CPIN [32] . Perturbation Analyzer is a Cytoscape plugin that assess perturbation-induced alternation in protein concentration by comparing before and after equilibrium states. The manual mode was selected. Then, dynamic score of a miRNA was calculated as the ratio of the property Perturbed subgroup size at 2.0 and 1.2 subgroup thresholds. As proteins encoded by the targeted genes of a miRNA were selected as perturbation sources, dynamic score was used to assess the global effect of altered miRNA expression on the homeostasis of CPIN. The higher dynamic score means more efficient regulation by the altered miRNA.
Identification of enriched biological processes regulated by miRNAs
Although the experimentally validated roles of miRNAs were taken into deliberate consideration upon their targetable potential, it had to be admitted that such biological evidence was still limited. So, to reveal the biological processes that a miRNA might be preferentially involved in, the DAVID functional annotation clustering tool [33] was performed upon the target genes with the entire list of genes in CPIN as background. ′GOTERM_BP_ALL′ was chosen as the only functional annotation. The classification options ′Initial Group Membership′ and ′Final Group Membership′ were set 2. The threshold of Enrichment Score of 1.20 was used to identify the significantly over-presented biological process [33] .
MiRNA-disease association analysis
The gene microarray data of dilated cardiomyopathy (DCM) and ischemic cardiomyopathy (ICM) was downloaded from the GEO database. There were totally five datasets for DCM and ICM, respectively (Table 1) . We identified the differentially expressed genes that associated with DCM or ICM in each dataset, using the significance analysis of microarray (SAM) method (FDR<0.05) and the Fold-change method (FC [34] . The significantly up-and down-regulated genes were respectively combined corresponding to the same disease-type. Notably, the gene names appearing in both the up-and down-regulated gene lists were deleted, so did the genes which transcript products could not be found in CPIN. To identify the MI-related genes, the Gene Prospector tool in the HuGE Navigator database was applied to explore gene evidence of ischemia [35] . Similar to miRNA targets, the possibly involved biological processes were also explored for the disease genes in DCM, ICM and MI using the DAVID tool. Besides of the introduced hypergeometric probability for evaluating the significance of miRNA-disease association (p < 0.05), a relevance score was calculated to quantify the relationship between a miRNA and disease in common gene involved as followed:
To re-validate the result of the analysis on miRNA-disease association, the online tool g:Profiler [36] was applied to perform GO analysis on the experimentally-validated [37] and literature-reported [23] target genes of each of the 51 dysregulated miRNAs in MI and the highly-confident MI-related genes [38] . In the website of g:Profiler, the minimum and maximum sizes of functional category was set as 5 and 50, respectively. Only the GO option biological process was selected for enrichment analysis. A BenjaminiHochberg FDR of 1×10 -4 was selected as significance threshold.
Mouse models of MI
Mice were anesthetized with ketamine-xylazine (100 mg/kg, 5 mg/kg, i.p.), the mice was sufficiently anesthetized and nonresponsive to foot pinch, and intubated orally with a polyethylene tube (UGO Bsile S.R.L. Biological Research Apparatus, Italy) for artificial respiration. A left-sided thoracotomy was performed through the fourth intercostal space, and the pericardium was opened to expose the heart, the left descending coronary artery was ligated using an 8/0 silk thread to create infarction. Myocardial infarction was confirmed by apparent S-T segment elevation in ECG and cyanosis of the myocardium. The sham procedure was performed with a superficial suture in the epicardium of LV. After surgery the chest was closed and the animals were allowed to recover with food and water ad libitum. After 3 days, mice were killed with overdose sodium phenobarbital and the hearts were harvested for use.
Transverse aortic constriction (TAC)
After having been successfully anesthetized, the mouse was orally intubated with a 20-gauge tube and ventilated (UGO BASILE, Biological Research Apparatus, Italy). The transverse aorta was isolated gently and a 7-0 silk suture was snared with a 27-gauge blunt needle and pulled back around the aorta. Then, the blunt needle and the aorta were tied snugly around by the suture. After ligation, the needle was quickly removed to yield a constriction of 0.4 mm in diameter. Sham operated mice received identical surgical procedure except for ligation of the aorta, The chest and skin were closed and the pneumothorax was evacuated. Finally, the mice were allowed to recover from anesthesia. At 8 weeks later, mice were killed with overdose sodium phenobarbital, the hearts and lungs and the left ventricles were separated and weighed to calculate the heart weight/body weight (HW/BW, mg/g), left ventricular weight/body weight (LVW/BW, mg/g), lung weight/body weight (LW/BW, mg/g) ratios.
Real-time PCR analysis
Total RNA samples were isolated from mouse ventricular tissues using Trizol Reagent (invitrogen). The levels of miR-7 were determined using real-time RT-PCR method. One microgram of total RNA from each sample was used to generate cDNA by using M-MLV reverse transcriptase per manufacturer's specifications (Promega, USA). Real-time PCR was cycled at 95 °C/15 s, 60 °C/30 s and 72 °C/30 s for 40 cycles, after an initial denaturation step at 95 °C for 10 min, using SYBR Green PCR Master Mix (Applied Biosystems, USA). Amplification was performed by using the 7500 Fast Real-Time PCR System (Applied Biosystems, USA). Relative quantitative method was used by normalizing the amount of detected transcripts to the internal control U6. The relative value to the control sample was given by 2
Results

High static scores and low hypergeometric probabilities revealed miR-1 and miR-21 in enriched regulation of vital genes
Understandably, the biological importance of proteins encoded by target genes of a miRNA ultimately determines its power in gene regulation. As the biological importance of a protein can be essentially reflected and measured by its topological status in functional protein network [29] , we created a genomic protein interaction network [GPIN, including 119 super-hubs (degree ≥ 100) and 1522 hubs (100 > degree ≥ 20) contained] and evaluated the significant tendency of the 439 known human miRNAs in targeting super-hub or hub encoding genes by using hypergeometric test (See Materials and Methods). These miRNAs were retrived from the miRNA-target interaction databases including miRSel, MicroCosm, PicTar, TargetScanHuman and were found to target more than 100 mRNA genes. The classification of network nodes on degree followed the scheme proposed by Camargo A and Azuaje F [30] . Twenty four miRNAs were distinguished by their assigned hypergeometric probability values (p < 1×l0 -5 ) and among them 16 underwent significantly altered expression in MI or HF (Fig. 2) . Five miRNAs (miR-15a, miR-16, miR-107, miR-195 and miR-424) belonged to the miR-15/107 group of miRNAs which key functions in human was only Fig. 2 . The 16 dysregulated miRNAs significantly targeting super-hub and hub encoding genes. The graphic illustration of miRNA sequence similarity were generated using the online alignment tool GeneBee with the "Rectangular 2" cluster algorithm applied (http://www.genebee.msu.su/services/phtree_reduced.html).
The bootstrap values were shown at nodes. recently well acknowledged [39] . Hypergeometric probability value was calculated for each miRNA included herein for enriched regulation on super-hub and hub encoding genes. MiR-21 was assigned with the lowest probability value, implying its broad and important roles [40] .
To evaluate the regulatory capacity of the significantly dysregulated miRNAs in MI and HF, we established a cardiac-specific protein interaction network (CPIN), in which 33 super-hubs and 619 hubs were found. Besides that the tissue-specificity was guaranteed Table 2 . Distribution of degree in CPIN and summary of neighborhood connectivity for each degree category. Distribution of degree in CPIN and summary of neighborhood connectivity for each degree category. CPIN: cardiac-specific protein interaction network; N node : the number of nodes; NC: neighborhood connectivity; SD: standard deviation. There were no statistical significant difference between category NC means at p = 0.05. And the significant correlation between degree and NC was not found (p = 0.13) Fig. 3 . Results of Static topological parameter calculation. A. Counts of the sum of super-hub and hub encoding genes targeted by each dysregulated miNRA. B. The dynamic scores of the 64 significantly dysregulated miRNAs in MI and HF. GPIN: Genomic protein interaction network; CPIN: cardiac-specific protein interaction network; MI: myocardial infarction; HF: heart failure.
by the application of the Cytoscape plugin NetAtlas [20] , more than 2700 nodes in CPIN represented proteins encoded by the validated genes expressed in human heart [21] . NetAtlas is a Cytoscape plugin that can be applied to identify tissue-defined network by using tissue gene expression data. After describing the topological structure of the network with two parameters degree and neighborhood connectivity (Table 2) , we counted the sum of super-hub and hub encoding genes for each of the 64 miRNAs with significantly altered expression in MI or HF (Fig. 3A) . As verified in GPIN (Fig. 2) , the four miRNAs (miR-1, miR15a, miR-16 and miR-21) also regulated a large number of genes encoding super-hub or hub in CPIN (n > 60). Then, we calculated the static score of these miRNAs (See Materials and Methods), which assess the regulatory capacity of miRNA significantly dysregulated in HF and MI. The result showed that only miR-1 and miR-21 were assigned with a high static score (static score > 0.80) in both networks (Fig. 3B) , implying the competitive biological importance of their targeted genes in whole.
Dynamic perturbation simulated the effect of miRNA-mediated gene regulation on network robustness
In this study, network robustness is defined as the resistance of biological protein-protein interaction network against external and internal disturbance. The fine-tuning of protein output by miRNA [41] made biological system robust to perturbation by environmental flux. Contrarily, this robustness could also counteract the impact exerted by miRNA and make its regulation less efficient. We calculated the dynamic score of each miRNAs (see Materials and Methods), which can evaluate the regulatory efficiency of a miRNA against network robustness. Dynamic score indicates the effects of perturbations in protein concentration of miRNA target genes in a protein interaction network and gain insight into the regulatory effect of miRNAs on dymamic and function of network. It was found that, instead of static score that described the connectivity characteristics of the network nodes, the dilution effect of target gene abundance [42] was partly responsible for the comparatively low dynamic scores of majority of miRNAs ( Fig. 4A and 4B ). Ten miRNAs obtained dynamic scores of more than 0.6, implying that altered expression of these miRNAs caused about two-thirds 
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Cellular Physiology and Biochemistry of all the perturbed proteins take a more than 2.0 ratio change in free protein concentration [32] . MiR-7 possessed the most competitive regulatory capacity (static score: 0.84 in CPIN). Comparatively, high static and dynamic scores made it the most sensitive regulator in all of the analyzed miRNAs. By targeting epidermal growth factor receptor and exerting influence on Akt signaling pathway [43, 44] , miR-7, an essential stabilizer of network regulation [45] , confirmed its biological importance. Furthermore, we successfully established the in vivo animal models of MI and HF in mice (Fig. 5A-D) . Real time-polymerase chain reaction (RT-PCR) assay then validated that miR-7 was significantly up-regulated in MI and HF (p < 0.05, Fig. 5E and 5F ). This finding implies real involvement of dysregulation of miR-7 in the pathologies of MI and HF.
A miRNA was prone to perform enriched regulation on genes involved in functionally associated biological processes
To investigate the functional roles of the 64 miRNAs altered in MI or HF, gene ontology enrichment analysis was performed based on their target gene sets. Based upon the identification results from two of the three target gene sets, these 64 miRNAs altered in MI or HF mainly participated in 8 dysregulated biological processes contributing to the pathophysiology of MI or HF (Fig. 6) , such as tissue remodeling, apoptosis, protein stability, and signal transduction. Since participating in various biological processes, a miRNA might be assigned to several categories. For example, as regulating transcription factor activity and tissue regeneration miR-1 appeared in the two categories, transcription and tissue remodeling. As shown in Fig. 6 , most miRNAs put their regulatory emphasis upon tissue remodeling (60 miRNAs) rather than cardiac functions (3 miRNAs). In the light of the potentially important roles of miRNAs in cardiac remodeling [46] , it was suggested that therapeutic strategies aimed at preventing or reversing pathological remodeling of the failing heart [47] might be more rational and effective than simply repairing cardiac dysfunctions Table 3 . The significantly over-presented biological processes in MI and HF. The significantly over-presented biological processes in MI and HF. MI: myocardial infarction; HF: heart failure; DCM: Dilated cardiomyopathy; ICM: Ischaemic cardiomyopathy; ES: Enrichment Score; the superscript a indicates that the relevance score of miR-1 is more than 0.4 to the disease; the superscript b indicates that the relevance score of miR-21 is more than 0.4 to the disease; the superscript c indicates MI-related genes retrieved from the HuGE Navigator database with the Gene Prospector tool applied to explore gene evidence of ischemia Xu et 
MiRNA-disease association analysis revealed remarkable involvement of miR-1 and miR-21 in MI and HF
Although the miRNAs analyzed here was found significantly changed in human MI or HF [13] [14] [15] , we still evaluated the statistical significance of the association between these miRNAs and MI or HF, with the introduced relevance score to quantity the miRNA-disease association. Relevance score assessed the potential functional association between a miRNA and disease by calculating the ratio of the common genes shared by miRNA target set and disease related gene set (See Materials and Methods). Among the 25 miRNAs correlated with the up-regulated genes in DCM (relevance score > 0.04, p < 0.05), miR-1 and miR-145 possessed higher regulatory capacity (static score > 0.8), significantly regulated superhub and hub-encoding genes ( Fig. 2 and 3A) and participated in ≥ 2 enriched biological processes of DCM. Comparatively, only miR-21 passed such strict screening among the 13 miRNAs that was significantly associated with the down-regulated genes in DCM. There were 19 miRNAs with relevance score of more than 0.04 to the up-regulated genes in ICM. Except miR-29a/b which contributed to the development of cardiac fibrosis, no miRNAs with higher regulatory capacity (static score > 0.8) and multiple regulation (≥ 2 enriched biological processes) were found. Although both miR-1 and miR-16 were significantly associated with the down-regulated genes in ICM (relevance score > 0.04, p < 0.05), higher regulatory capacity and involvement in 6 enriched biological processes including muscle contraction and ion homeostasis made miR-1 more competent as therapeutic target for ICM. In a similar screening focused upon the dysregulated miRNAs in MI, miR-1 (relevance score: 0.043 and 8 enriched biological processes) and miR-21 (relevance score: 0.064 and 10 enriched biological processes) demonstrated their therapeutic potential for ischemic heart disease (Table 3) . Additionally, after integrating the experimentally-validated [37] and the literature-reported [23] evidence of miRNA-target interactions, an alternative GO analysis was performed by using the online tool g:Profiler [36] . Significant overrepresentation of 710 GO biological processes was also identified for the highly-confident 604 MI-related genes [38] (false discovery rate, FDR < 1×l0 -4 ). Consistent with the result of DAVID analysis, the present finding re-verified that miR-1 and miR-21 significantly regulate multiple MI-related biological processes (Fig. 7) . Especially, compared with extensive gene regulation executed by miR-21, miR-1 was observed to be specially enriched in regulation of cardiac muscle contraction and heart growth.
Discussion
Up to now, it is estimated that more than 1000 miRNAs are encoded by human genome. Each of them acting on tens to hundreds of genes to modulate complex physiological or disease phenotypes [1] Van Rooij et al. reported that miR-214 together with other four miRNAs were significantly up-regulated during cardiac hypertrophy. However, the authors found that only over-expression miR-214 could not induce cardiac remodeling. This suggested that only significant changes in expression level could not definitely mean that a miRNA would play an important role [12] . In the present study, we performed a series of network-based assessments (Fig. 1) upon the miRNAs that significant altered expression in human MI or HF [13] [14] [15] to find the potential versatile miRNAs.
Among the analyzed miRNAs, which were implicated in MI or HF. Four miRNAs (miR-1, miR-15a, miR-16 and miR-21) showed their prominent tendency in targeting genes encoding super-hubs and hubs ( Fig. 2 and 3A) . Especially, for miR-21, its significant preference was still competitive in the context of the entire genome, implying its broad and important roles [40] . The enriched appearance of the miR-15/107 group of miRNAs in Fig. 2 was consistent with their received increasing appreciation for serving pivotal biological roles [39] . In addition, static score were used to quantitatively evaluated the overall topological statuses of the targeted genes for each miRNA. Network Analyzer [38] was responsible for calculating static score, an integrated result of 2 topological parameters (See Materials and Methods). Presumably, a comprehensive description of node in functional network can be provided by using more topological parameters. Totally 9 topological parameters were initially considered into static score calculation for each miRNA. Because of the existed correlation between parameters, only degree and neighborhood connectivity were remained. Degree counts the number of neighbors connected to a node. Highly connected nodes as defined as the hubs will definitely play more important roles in cellular functions than other proteins [2] . It is very likely that a protein with high neighborhood connectivity also join in important cellular functions due to the likelihood of the connection with a hub [49] . Available biological evidence confirmed a strong regulation of miR-1 and miR-21 that were highlighted with comparatively higher static scores (Fig. 3B) . There are increasing lines of evidence suggesting that miR-1 might be a new potential therapeutic target for MI [50] . Further, Lu et al. confirmed the anti-ischemic cardioprotection provided by inhibition of miR-1 [51] . Taken together, these studies provide the functional links between miR-1 and MI. Increasing evidence demonstrated that miR-1 was also involved in cardiac hypertrophy, a leading cause of heart failure, and overexpression of miR-1 inhibited hypertrophic growth of cardiomyocytes [52] . Being similar to the prominent roles of miR-1 in the cardiovascular system, the therapeutic potential of miR-21 has also been shown to HF by focusing upon the development of cardiac fibrosis [53] .
Following the model introduced by Maslov [31] , Perturbation Analyzer can assess the perturbation effect of protein concentration change by comparing before and after equilibrium states [32] . In this study, we used it to evaluate the regulatory efficiency of miRNAs against network robustness with dynamic score introduced (See Materials and Methods). Notably, because the genome-wide protein abundance data is not yet available [32] , the mRNA abundance was used as an approximation of protein abundance to calculate the dynamic score (See Materials and Methods). This replacement was thought rational and acceptable [54] . Furthermore, it was also found that after miR-1 transfection to HeLa cells the mRNA levels were remarkably correlated with protein output [55] . Based upon the fact of the dilution effect of target gene abundance to miRNA regulation [41] and the good correlation between dynamic score and target gene abundance (p < 0.0001), we identified miR-7 as the most sensitive regulator. The important identity as an essential stabilizer of network regulation [45] and exerted influence on Akt signaling pathway [44] confirmed our conclusion. Remarkable dysregulation of miR-7 was validated on both the mice models of MI and HF (Fig. 5) . However, more experimental evidences are definitely needed about aberrant expression of miR-7 induced possible deterioration of myocyte homeostasis.
The biological tissue remodeling was concentrated with more miRNAs implying that miRNAs might exert their impacts on it to alter the cardiac function (Fig. 6 ). This distinguishing feature of miRNAs emerged as a novel therapeutic strategy for cardiac remodeling [46] . In the enriched biological process identification of the dysregulated genes in MI and HF, continued cardiac remodeling during MI and HF could be also well reflected (Table 3) . Furthermore, the inherent link between the biological processes regulated by miRNAs also revealed the possible radiation of miRNA regulation. If the operation of miRNAs in the regulation of energy supply module became abnormal, cardiac function and protein stability were impacted (Fig.  6 ). This chain reaction aroused by altered miRNA expression might imply that the suitable therapeutic target of miRNA should have more 'skills'. In the miRNA-disease analysis part, we further evaluated the statistic significance of the relationship between the dysregulated miRNAs and MI or HF. By setting up strict screening limits, miR-1 and miR-21 stood out from the miRNAs that altered expression in MI and HF. In our result, the versatile miRNAs that prominent tendency in targeting genes encoding super-hubs and hubs, higher static scores, significant association with MI and HF and involvement in more disease-related biological processes were the most appropriate therapeutic targets compared to other miRNAs. Additionally, the important role of miR-145 in DCM was also highlighted. It would receive more attention according to its cardiac-specific expression pattern and important identity in deciding mytocyte fate [56] .
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Although the core therapeutic strategies in HF were largely remained in the recent years [57] , an increasing number of evidence has strongly suggested that the novel miRNAbased therapy represents a hopeful and imperative trend in the future [3] . However, the endless extending list of miRNAs on the miRBase website makes it difficult for target screening. Despite experimental evidence cannot be replaced, bioinformatics approach also has potential to provide insights into the pathophysiological involvement of miRNAs in heart disease [9] . Consistent with the experimentally verified versions, two key regulators miR-1 and miR-21 that were believed as the versatile miRNAs and the most potential target candidates for the treatment of MI and HF passed our strict screening limits. Especially, for miR-1 and miR-21, large quantity of their validated target genes made our result reliable. While false positive protein-protein interactions and wrong miRNA target prediction may be inevitable, our results still illustrated that the therapeutic potential of miRNAs can be distinguished by investigating the inherent variability of miRNA's gene-targeting and are also important for further speculating the biological roles of miRNAs in human heart.
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